ABSTRACT Pulmonary arteries from a case of plexogenic pulmonary arteriopathy were studied with the electron microscope. Many muscular pulmonary arteries showed intimal fibrosis of concentric or "onion-skin" type. The cells embedded within this fibrosis resembled smooth muscle but since they also possessed some features of fibroblasts we refer to them as myofibroblasts. Myofibroblasts also occurred in plexiform lesions together with fibroblasts and
Plexogenic pulmonary arteriopathy is the term adopted by a Working Party of the World Health Organisation in 1974 to describe that form of hypertensive pulmonary vascular disease that has a potential for developing plexiform lesions (Hatano and Strasser, 1975) . It is the severe, and probably irreversible, form that is found in association with large congenital cardiac shunts and with primary pulmonary hypertension. It also occurs in rare cases of cirrhosis of the liver or obstruction to the portal vein that have become associated with pulmonary hypertension (Naeye, 1960; Segel et al, 1968; Saunders et al, 1979) . The histopathological features of this condition comprise medial hypertrophy of muscular pulmonary arteries, muscularisation of pulmonary arterioles, intimal fibroelastosis of concentric or onion-skin type, necrotising arteritis, and plexiform lesions. These last lesions have two components. The first consists of a sac produced by dilatation of a side branch or termination of a muscular pulmonary artery, usually proximal to an occluded segment of the parent vessel; it thus comprises one type of "dilatation lesion." The second component is a cellular proliferation within the sac, the numerous cells being arranged into an interwoven mass with vascular channels running tortuously through them. Since they resemble a vascular plexus, the lesion is described as plexiform.
Little is known of the nature of the proliferating cells and hence of the pathogenesis of the plexiform lesion. Recently we had the opportunity to examine the ultrastructure of plexogenic pulmonary arteriopathy in a young Indian man who died from pulmonary hypertension and associated pulmonary vascular disease complicating cavernomatous transformation of the portal vein (Saunders et al, 1979) . Since a post-mortem examination was performed only 12 hours after death we had the opportunity to determine the nature of the cells that form plexiform lesions.
Materials and methods
The case history, morbid anatomy, and histopathology of this case are presented in detail (Saunders et al, 1979) .
At necropsy small blocks of lung tissue were taken and cut up with a razor blade into 1 mm cubes. They were fixed in 3% glutaraldehyde in phosphate buffer at 40C overnight and then stored in buffered isotonic sucrose solution. The right lung was distended with buffered glutaraldehyde for 12 hours then washed and stored in sucrose solution. Material for electron microscopy was also taken from this tissue but, since it was already fixed, larger blocks, 5 mm square, could be taken to increase the chances of including a plexiform lesion. typically cigar-shaped equivalents in the media (fig 5). Attachment points too were different in that they were irregular and sometimes divorced from the myofilaments. Mitochondria were numerous, and the perinuclear zone was more profusely supplied with organelles than in the smooth muscle of the media (fig 3) . The intercellular matrix of the intimal fibrosis consisted of a disorganised mixture of elastin, fine collagen fibrils, and amorphous ground substance (fig 2) , which tended to be arranged in concentric layers. (fig 7) . Their diameter was intermediate between that of the actin and myosin filaments in smooth muscle. They were not aligned with any particular axis of the cell but tended to be arranged in whorls (fig 7) , or as an interlacing network (fig 6) . The fibrils did not contain focal condensations or peripheral attachment points. Micropinocytotic vesicles were uncommon, as were organelles of any sort.
The third type of cell was the fibroblast. This contained a profuse rough endoplasmic reticulum of characteristically open pattern (fig 8) , and was associated with fine collagen fibrils. The bulk of the intercellular matrix, however, consisted of amorphous or finely fibrillar material resembling the substance of basement membranes.
In a few plexiform lesions an unusually close association between fibrillary cells and deposits of fibrin was seen. In one instance a clump of fibrin was found apparently in the process of entering a fibrillary cell as if it were being phagocytosed by it (fig 6) . Indeed several fibrillary cells were found containing irregular, dense bodies similar in appearance to the extracellular fibrin (fig 9) . Definite proof that this was fibrin, however, was lacking because the fine cross banding could not be shown.
VEIN-LIKE SIDE BRANCHES
The dilated vein-like side branches of pulmonary arteries did not contain intimal fibrosis or fibrillary cells. Instead the smooth muscle cells of the media were finely attenuated due to dilatation of the vessel. Although greatly stretched, the smooth muscle cells had a normal cytoplasmic ultrastructure. The elastic laminae of these vessels were fragmented. The external elastic lamina was absent for much of the circumference of the vessel. The internal elastic lamina consisted (Esterly et al, 1968) . In this study the intimal cells appeared to have migrated from the media and were hence believed to have been derived from smooth muscle. The latter possibility seems to be the most likely source of these cells since they are closely similar to cells that produce intimal fibrosis in renal arteries and arterioles in systemic hypertension (Spiro et al, 1965 ) and the cells that migrate into the intima after endothelial damage (Buck, 1961; Poole et al, 1971) or experimental atherosclerosis (Haust et al, 1960; Thomas et al, 1963; Parker and Odland, 1966 (Bensch et al, 1964) and in the aortic endothelium of hypertensive rats (Gabbiani et al, 1975 ). Actomyosin antigenically similar to that of the myometrium has been detected in normal systemic endothelial cells by immunofluorescence techniques (Becker and Murphy, 1969) . We should point out, however, that we have been impressed by the lack of microfilaments in endothelial cells of the pulmonary trunk and muscular pulmonary arteries (Smith and Heath, 1977) of the rat.
Although the intimal cells superficially resemble smooth muscle, it is doubtful whether they should be referred to as such since they are altered smooth muscle and are probably more closely related to the myointimal cell of Buck (1961) and the myofibroblast of Gabbiani et al (1972) . We feel the latter term is to be preferred since the intimal cells in our case, and in other reports, are found in close association with, and hence presumably secrete, ground substance, collagen, and elastin. Furthermore they are not exclusively intimal since we have seen them within the media of pulmonary arteries with medial sclerosis and fibrinoid necrosis in rats given a diet of Crotalaria spectabilis seeds . They also occur in granulation tissue where they not only secrete collagen but cause contraction of the healing wound (Gabbiani et al, 1972) .
Myofibroblasts were also numerous in plexiform lesions. This is to be expected since plexifoirm lesions are contiguous with arteries occluded by intimal fibrosis. Also the plexiform lesions in this case were at a moderately advanced stage in their development with the deposition of collagen and elastin among the cellular component. Plexiform lesions contained a type of cell, however, that was rarely encountered in the intimal fibrosis. This was the "fibrillary cell," which shared little in common with normal smooth muscle. Even its cytoplasmic filaments were more prominent and randomly arranged than in smooth muscle. We can only speculate as to the nature and origin of fibrillary cells. They are identical to the cells comprising the cardiac myxoma and so-called "papillary tumour of heart valves" (Stovin et al, 1973) . Similar fibrillary cells are found normally in the heart and great vessels and have been designated "subendothelial vasoformative reserve cells" (Stein et al, 1969 (Wagenvoort et al, 1964) . In the present study fibrin was observed to be apparently within the cytoplasm of fibrillary cells or else to be in the process of being phagocytosed by them. On light microscopy small deposits of fibrin were seen scattered among the plexiform lesions, but it was difficult to determine whether this was intracellular or not. However, we have examined younger plexiform lesions from other cases stained by various techniques to show fibrin. These lesions were highly cellular (fig 10) and contained large deposits of fibrin both within the media of the parent vessel and between the cells of the plexiform lesion (fig 11) . Numerous small globules of fibrin, however, were also situated inside the cytoplasm of many of the cells constituting the plexiform lesion (fig 12) . This presents the interesting possibility that plexiform lesions develop as a response to fibrin accumulating within a dilated sac. On this basis, fibrinoid necrosis precedes the development of plexiform lesions which involve an immigration of fibrillary cells into the sac which then proceed to ingest the denatured protein and fibrin released from the necrotic media. Some fibrillary cells organise themselves into vascular channels, whereas others secrete an extensive matrix of ground substance. With the passage of time, the lesion ages into a fibroelastic scar after transformation of the multipotential fibrillary cells into myofibroblasts and eventually fibroblasts. It is possible to induce readily fibrinoid necrosis in pulmonary arteries in rats by feeding them on pyrrolizidine alkaloids, yet we know that, as in group.bmj.com on June 24, 2017 -Published by http://thorax.bmj.com/ Downloaded from Electron microscopy of the plexiform lesion mitral stenosis, plexiform lesions do not develop. This may simply be a species difference but it may also be related to a raised pulmonary venous pressure secondary to pulmonary venous constriction . Certainly the histological features of poisoning by C spectabilis are characterised by exudative lesions in the lung parenchyma reminiscent of mitral stenosis (Smith et al, 1970) .
We mention above that fibrillary cells are similar to those in the so-called "papillary tumour of heart valves." Pomerance (1961) has shown that this is not a tumour at all but is composed of tags of fibrin that become organised by fibrillary cells. They are in fact giant Lambl's excrescences. Here we have a remarkable similarity between two lesions occurring in entirely different parts of the cardiovascular system. On one hand the plexiform lesion in small dilated sacs in pulmonary arteries and on the other the papillary "tumour" in the much larger chamber of the heart. Both lesions appear to involve organisation of fibrin by fibrillary cells, both lesions age by fibroelastic change, and both present as an irregular cauliflower-like mass growing into a sac. Hence it seems likely that the cell that proliferates to form the plexiform lesion is a fibrillary cell found throughout the cardiovascular system. Whether this ubiquitous cell is a type of myofibroblast, an endothelial cell, or a true vasoformative reserve cell has yet to be determined.
